1. Sidebar 1 covers some of the experiences of the first author, a Professor of Computer Science and Director of the Digital Library Research Laboratory. 2. Sidebar 2 was written by the lead social scientist in our group, Professor Shoemaker, from Sociology, and Director of the Center for the Study of Violence in Society.
The context of our work is a world in which radical changes have occurred as a result of the convergence of many innovations and flattening trends, including globalization; advanced information technologies; openness (Raymond, 1999; Van de Sompel & Lagoze, 2000) ; collaboration, competition, and workflows; new economies; and sociopolitical T his article is about our vision, early work, and plans to help with the recovery from the mass shooting on April 16, 2007 , at Virginia Techto support research and learning using a digitallibrary-based approach. We also hope that this will lead to faster and more effective methods for applying the social and behavioral sciences to address tragic events and their aftermath, much as advanced techniques have been applied to the natural sciences in e-science initiatives (Atkins et al., 2003) .
The backdrop of our work is the set of April 16-related experiences of the 16 people who have contributed to this article. We all decided to express our care through hard work, as a result of feeling a constructive sense-making impulse to collect related realignments (Friedman, 2006) . One response to these changes is the move, in projects such as ours, to develop cyberinfrastructure (NSF, 2007) . Another response is to help prepare professionals, as well as the broad base of students in countries such as the United States of America, for Living In the KnowlEdge Society (LIKES; Fox, 2007a Fox, , 2007b . In particular, for April 16, we are building a digital library that combines content and flexible services to support the needs of a targeted user community (Arms, 2000; Chen & Fox, 1996; Fox, 1993; Fox, Akscyn, Furuta, & Leggett, 1995; Fox & Marchionini, 1998; Fox & Sornil, 1999 , 2000 Fox, Suleman, Madalli, & Cassel, 2004; Fox & Urs, 2002; Lesk, 1997 Lesk, , 2005 . Thus, we advance beyond the usual highly sequenced and preplanned approach to research and education (see Figure 1) .
We believe that this is the right type of support for research and learning related to the events and aftermath of April 16. Traditionally, as can be seen in Figure 1a , research deals with hypotheses and related models or theories, which then lead to data collection, analysis, hypothesis testing, and subsequent publishing. The cycle can be extended, such as when data Sidebar 1. Personal Reflections by Edward Fox My e-mail folder related to April 16 has more than 2,000 messages. Before noon on April 16, a colleague in Rio had inquired to see if Gail McMillan (Director of Digital Library and Archives, in the University Libraries) and I were okay.
Other concerned e-mails, from family, friends, and colleagues, came by April 17 from all parts of the United States, as well as from Australia, Brazil, Canada, Germany, Greece, India, Israel, Italy, Japan, Mexico, Netherlands, New Zealand, Nigeria, Singapore, Spain, Thailand, and the United Kingdom. Particularly poignant was a cell phone call from a cousin in Colorado, who worked for the sheriff in a town near Columbine High School.
That connection with another tragic event fueled my resolve to apply my research and teaching skills to help with the recovery from April 16. I had been frustrated on September 11, 2001 , when I was attending the leading international conference on information retrieval, and, in discussions with people in various branches of the government, including the intelligence community, offered to assist-to no avail. But on April 16, 2007, two program directors at the National Science Foundation (NSF) sent me e-mail. Fortunately, on Wednesday, April 18, a number of groups at NSF were able to meet with me, in their offices in Arlington, Virginia, describing some of the support given for research related to prior tragedies. There was encouragement and interest at Virginia Tech in such research, expressed by the Head of the Department of Computer Science, the Vice President for Information Technology, and a number of colleagues. The first meeting of our research team related to this project was at 10 a.m., April 23, shortly after the balloons were launched over the Virginia Tech Drillfield in memory of the victims. We decided to work to develop a digital library related to the April 16 tragedy, and, since then, have broadened that interest to work on digital library support for the broad field of crisis, tragedy, and recovery. This article covers much of our thinking and some of the initial research activities that relate.
In addition to research, teaching activities have provided opportunities to further understanding about the April 16 tragedy. On April 23, our graduate class on information retrieval began to brainstorm on how to apply what was being learned that semester to help manage the information related to April 16. An undergraduate student, Ananya Kassahun, one of the coauthors of this article, agreed to prepare a report in connection with a class; one of her close friends had been injured. A group of three students, in the fall 2007 course CS4624 (multimedia, hypertext, and information access), undertook a term project to help with archiving from sites such as Flickr; see their report at http://pubs.dlib.vt.edu:9090/191/.
On July 11, 2007, I heard back from the Director of the University Honors Program that I could teach a course in spring 2008 (with help from coauthor Steven Sheetz); the title of Honors 3004 (see http://collab.dlib.vt.edu/runwiki/ wiki.pl?HonorsApril16) is "A Digital Library Related to 4/16/07 at Virginia Tech." Through that course, 14 from among the University's brightest students are engaged in learning and service activities related to the tragedy of April 16. They will add reports and multimedia content to the digital library. They will include their interviews with a long list of visitors to the class-people from Virginia Tech and the local community who have been involved in the tragedy and recovery, and who will share their experiences, perspectives, and plans.
Thus, in connection with research, teaching, and service activities, a growing team is working to collaborate with people all around Virginia Tech and beyond, to help with the collection of all types of related digital content, as well as a broad range of digital library efforts to assist with organization, access, and preservation. It is my earnest hope that our Web site at http://www.dl-vt-416.org will help people to learn from April 16, and will be an aid to recovery.
The Event
The morning of April 16, 2007, began as any other morning on a college campus. However, by 8 a.m., the regular routine of a busy day began to change in an ominous direction. I heard sirens passing underneath my office window. Around 9 a.m., I learned of a shooting at a dormitory on the campus by an e-mail sent out by the university. Later, it was confirmed that two students were killed in that shooting and that the police were searching for the gunman or gunmen. Around 9:30 a.m., I again heard sirens and noticed a large number of police and rescue cars congregating below my office window and police officers roaming around with drawn weapons. Then I heard a loudspeaker announce that another shooting had occurred and that the shooter (or shooters) was still at large. We were urged to remain in our offices and to stay away from windows. At this time, the only information I was able to receive on what was happening came from university announcements, including e-mails (which were not regular), the loudspeaker, and the Internet. Cell phones were jammed, as was the university telephone system. Via another public announcement, we were instructed to remain in our offices and lock our doors. More and more police and rescue units were parking near my building, and I assumed that the shootings were occurring in my office building, although I had not heard any gunshots. I went to the Internet and learned that several students and professors had been shot and killed on the campus, but the location was unclear. We were still assuming that at least one shooter was at large and we were still being instructed to stay in our locked offices. Later that morning, I received a phone call from my daughter's school. They were telling her that shootings were occurring on campus; I confirmed that I was okay. By noon, we were told to leave our offices and to go to another building or to leave the campus. When I got outside, I saw hundreds of police cars and rescues vehicles around my building. I got to my car and had to go to the other side of campus to pick up my wife. The roadways were blocked, but an officer let me through. When I arrived at my wife's building, I could not get in. Eventually, their doors were opened, and I got to watch local television programs concerning what had happened. That was when I first learned that at least 20 students and professors had been shot to death. In addition, one gunman had been identified as the shooter and one of the supposed gunmen earlier identified was instead a victim. I stayed in the cafeteria where my wife works and watched as more and more details of the shooting emerged. Cell phones were still jammed, but now and then people could get through to loved ones.
What Have We Learned?
Many things could be learned from such a tragedy. For one, some of the news reports of the events were factually incorrect, and this point became more evident as early news reports continued to appear. In the aftermath of this tragedy, it became clear that this was worldwide news. Although classes had been cancelled for that week, many people kept returning to the campus to resume some semblance of a regular work schedule. The university hosted an assembly a couple of days after the shootings and the results demonstrated a bonding among those connected with Virginia Tech that I had not felt before in more than 32 years at the school. People throughout the area were displaying Virginia Tech emblems wherever they went. The sense of community and identification with Virginia Tech assumed a larger, global context in the days and weeks following the tragedy. The rest of that week, my coworkers and I received e-mails and phone calls from colleagues in the United States and abroad, sometimes from anonymous colleagues wanting to share a moment of care and concern. Images of concern and care came to us through national and international news accounts, as well as posters and banners from colleges and public schools throughout the country, with names of unknown well wishers written on them. Even unknown attendees at professional conferences would approach us with concern and regret once they knew we were from Virginia Tech. From the tones and expressions relayed in these messages and images, it became evident that we were being considered as victims, even if we were not personally injured in the attacks. Also, it became clear that others throughout the world, those related to the field of academia or not, somehow identified with our shock and pain as we tried to cope with what had happened. Expressions of sympathy and regret seemed genuine. Ironically, although our sense of safety and community at Virginia Tech was initially shaken by the shootings, a sense of togetherness emerged in its place, not only among those within the Virginia Tech nation but also in a larger, global context, even if this communal development may have been short-lived.
With the passage of time, the expressions of sympathy and concern are less numerous and attention to the event has lessened. However, we are reminded by counselors and psychologists that we can expect delayed effects for students, faculty, and administrators, secretaries, and all connected with the university throughout the first year following the tragedy, especially around the first anniversary of the events. In this respect, we are treading in unfamiliar territory and there is a danger that the impacts we are told to expect may, in part, be effected by our own, perhaps subconscious, expectations. Thus, the rest of the story has yet to be witnessed, and only time will tell the full impacts of the tragic events of April 16, 2007 , for all of us present at the time and for those who have been touched by the tragedy, directly or indirectly.
Sidebar 2. Personal Reflections by Donald Shoemaker suggest revisions to the original hypotheses or improvements to models or theories. However, when an interdisciplinary community seeks to study different aspects of an important phenomenon, such as the tragedy on April 16 and its aftermath, the approach shown in Figure 1b could be more efficient and effective. Based on some definition of scope, with regard to data and other types of content, as well as to studies of interest, a broad collection effort can proceed. Much as a university or town supports a local library, or a nation addresses archiving of its culture and heritage, in the digital era, a community can be supported by a comprehensive digital library. Furthermore, whereas brick-and-mortar libraries typically provide only a small set of services (e.g., searching, browsing, reference-desk support), digital libraries can provide an open-ended set of services, much like diverse companies operating on the Web helping millions who are interested in Web pages. As can be seen in Figure 1b , digital library services can provide add-on content, an extensible set of services, and direct aids for analysis, synthesis, collaboration, hypothesis testing, and so on.
One added benefit of the approach illustrated in Figure 1b is that it is feasible to add to the digital library all results of studies, including curricular materials, educational resources, temporary data sets, partial analyses, visualizations of findings, and varied publications (reports, theses, conference papers, journal articles, etc.). Thus, building rapidly on the work of others is facilitated, and collaboration can lead to more comprehensive insights. Also, once a large collection is available, which can support teams of interdisciplinary scholars, new studies can be launched without having to wait for additional (and expensive) data collection activities. Requests for institutional review board review can be batched to cover a range of studies, further reducing related delays in follow-on research schedules.
These improvements, however, must be carefully arranged, or else they may be constrained because of legal and social concerns, which often lead to limited access, even for those with helpful intentions, to sensitive or personal information. Privacy must be respected, and anonymity must be preserved when desired. In our litigious society, complaints and suits may arise in the aftermath of tragedy, any related data may be subpoenaed, and those providing data may be called as expert witnesses. Thus, even if a research design has separated identifying information from survey responses, a subpoena may lead to identification of individuals. Groups providing data may be viewed as classes, as for class action suits. Individuals in special communities, for example, those injured during the tragedy or administrators directly involved in the event, may be off limits with regard to data collection for long periods of time, typically 3 years or more. Nevertheless, to the extent possible, this project aims to provide a range of advanced technologies to serve the community of those interested in April 16. In addition, we seek to study technology as a factor in the activities and processes related to April 16, as is discussed in the next section.
Approach
In this section, we consider how information visualization, data and text mining, and social network analysis, supported by and integrated through digital libraries, can be applied to help regarding April 16, 2007. But, as in any research, we must first understand (at least partially) the needs and requirements.
Broadly, we aim to support the global community with regard to their diverse interests regarding April 16. We will provide access to millions of pieces of news. We will help connect with the hundreds of thousands of individuals who have used blogs or other mechanisms to express their concern. We will support access to tens of thousands of photos and thousands of videos. We aim to support students writing reports, at all levels. Ultimately, there will be scholarly theses and dissertations related to the event. In spring 2008, several of the authors are running an honors class for some of Virginia Tech's brightest students, leading to class reports that will be accessible online by May 2008.
We also will support the community as it remembers, analyzes, mourns, grieves, learns, and provides assistance for those involved. People will view the tragedy from a variety of personal perspectives, as well as from viewpoints related to disciplines such as psychology and sociology. To avoid bias, and to accommodate those needs, we aim to collect as much information as is possible and to provide browsing and other services that reflect an open-ended set of categorizations, as well as alternative taxonomic and ontological organizations. Because there are so many angles to consider, in the following, to illustrate our plans, we focus on what may be an unusual aspect of the Virginia Tech scene-namely, the widespread deployment of advanced computing, communication, and information technologies.
Research Agenda for the Social and Behavioral Sciences Related to Technology
We plan to develop, through discussions and focus groups, a research agenda regarding the application of such technologies during and after a crisis. Indeed, we must consider more broadly the relationship between technology and crisis, not only as an aid but also as a cause, correlate, and part of the context of crisis. One aim of the research agenda will be to address how using technology during and after a crisis can serve to reduce anxiety and manage distress. Accordingly, we are involved in survey activities to collect data about the use of technology (during and immediately after the crisis), feelings of distress, and coping strategies.
Technology has become embedded into the lives of people across the global society. It is now commonplace for communication to occur through multiple technologies, for example, cell phones, personal digital assistants, and computers, resulting in multimedia traces of the communications being saved as voice, text, video, and instant messages. Similarly, the Internet and the emergence of virtual communities, for example, Facebook (http://www.facebook.com) and MySpace (http://www.myspace.com), have enabled communication on a scale previously unimaginable. However, we do not know how these technologies were used during and after crises to reduce or mitigate distress. Indeed, we do not know whether the use of technology reduces distress; it is possible (perhaps likely) that problems encountered with normally dependable technologies that fail during crises exacerbate rather than mitigate stress for those involved. Thus, a series of questions results from the current nexus of technology and tragedy: How do the established theories of dealing with distress apply in the context of the current state of technology? What capabilities should technology have to provide support during crises? How can technology be enhanced to aid in reducing stress immediately after crises? How are social networks used through technology to mitigate stress during and after crises? Is the use of the social network through technology different for individuals experiencing high stress versus those with lower stress? Does the emergence of unique virtual communities necessitate evolution of the theories related to distress? Do the communication patterns of distressed individuals (such as the gunman on April 16) provide insights that suggest ways to identify those in need of counseling or other interventions?
An important sociological issue to be addressed is the social network used to relay and receive information concerning a traumatic event, such as what occurred on the Virginia Tech campus on April 16, 2007. Specifically, where do students, faculty, staff, and others go for information about what happened? Whom do they contact first for such information and to whom do they first relay the information they have received? Whose opinion do they trust? Do people turn to relatives, friends, and authority figures known to them, such as professors, or to the media, or some other source of information? In turn, to whom do people relay the information they have received? In the aftermath of a traumatic occurrence, do these contacts change? Also, are these social networks contextualized by social characteristics, such as age, gender, or race and ethnicity? Of particular interest would be how technology is used to receive and convey information and reactions to traumatic events and the sociological contextualization of the use of technology. For example, one hypothesis could be that college students use technology more often to receive and convey information than do professors or adults in general. The purpose of our discussions and focus groups is to generate such hypotheses and effective methodologies for testing them. Table 1 illustrates the early phase of this effort by summarizing some of the research interests of psychology researchers who participated in the first focus group.
In particular, we are seeking to encourage interaction between social and behavioral scientists and experts in technological fields to produce new and innovative ways of developing and testing hypotheses concerning how people react and respond to traumatic violent episodes, both in the short term and over the long term.
It has been estimated that 10% to 40% of individuals who experience trauma will subsequently develop posttraumatic stress disorder (PTSD; Michaels et al., 1999) . In light of these figures, PTSD is considered one of the most common anxiety disorders experienced among young adults (Breslau, Davis, Andreski, & Peterson, 1991) . The Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association, 2000) defines a traumatic event as "an extreme traumatic stressor involving direct personal experience of an event that involves actual or threatened death or serious injury, or other threat to one's physical integrity" that elicits "intense fear, helplessness, or horror" (p. 463). Specific traumatic experiences can include natural or technological disasters, violent crimes, abusive relationships, and sexual assaults. Undoubtedly, the Virginia Tech shootings fall centrally within the realm of trauma. Nonetheless, not all who experience a trauma will develop PTSD; many individuals show resilience in the face of tragedy. Conceptual models of PTSD explain its emergence in terms of interactions among the trauma experience (e.g., proximity to the event, degree of life threat, loss/disruption), survivors' characteristics (e.g., ethnicity, preexisting psychopathology, prior trauma experiences), cognitive processing (e.g., positive or negative coping), and the recovery environment (e.g., perceived social support; Green, Wilson, & Lindy, 1985; LaGreca, Silverman, Vernberg, & Prinstein, 1996) . The digital library, and specifically the surveys of students, faculty, staff, and community, will allow us to test aspects of this model in the immediate aftermath of this tragedy as well as in a longitudinal manner over the following years. Three hypotheses (of many) are of specific interest in this regard. First, does the psychosocial model predict which individuals will or will not develop PTSD as well as other stressrelated reactions (such as depression, substance abuse, and physical health problems)? Second, which aspects of coping (e.g., spiritual, cognitive, active/passive, emotion focused) and social support (e.g., friends, family, classmates, teachers) are most influential in buffering survivors from these negative outcomes? Third, to better understand protective factors, how do coping strategies change and how are social support networks formed and used?
Another potential area of exploration is the impact on physical health of acute and chronic psychological stress from traumatic events such as on April 16. Both short-and long-term negative health effects have been previously documented in response to the stress of traumatic community events (Lovallo, 2005) . For example, increased incidence of sudden cardiovascular events such as myocardial infarction and stroke have been noted in acute response to earthquakes (Leor, Poole, & Kloner, 1996) , missile attacks (Kark, Goldman, & Epstein, 1995) , and even nonthreatening events such as an upset loss by a major sports team (Carroll, Ebrahim, Tilling, Macleod, & Smith, 2002) . It is also possible that the lingering effects of trauma, such as the April 16 shootings, may negatively affect health by way of chronic increases in negative emotional states, such as anxiety, anger, and depression, which are known to have negative relationships to physical health (Everson-Rose & Lewis, 2005) . Two common psychological factors across stressors are well-known to have deleterious physical effects: control and predictability. Stress and trauma that is unpredictable, and over which individuals exert little or no control, will engage autonomic nervous and endocrine system responses to threat that can have negative effects on the immune and cardiovascular systems (Porges, 1995; Seligman, Maier, & Solomon, 1971; Thayer & Lane, 2007; Weiss, 1991) . The April 16 shootings were both unpredictable and uncontrollable and as such may confer similar negative effects on the health of the community in Southwest Virginia. Possible directions of exploration include how specific coping styles predict health outcomes, as well as the roles of factors such as social support and religiosity in buffering the negative effects of stress. Findings might not only help document the broad effects that this tragic event has had on our community but also might be generally applied toward optimal preparation for and response to unpredictable stressors, traumas, and crises.
Special Analysis
Our project aims to address the needs of the public, as well as the research and education goals of various interested communities, by providing important add-on services that will be closely coupled to the digital library of related content. In particular, we focus on three analysis aids: information visualization, data mining, and social network analysis.
Information visualization (North, 2005; Spence, 2007) helps us understand the data and information under consideration and facilitates discussion and presentation of results. Advanced techniques have been developed to help us deal with urgent problems faced by the intelligence community, such as terrorism (Thomas & Cook, 2005) , and so can be applied to the events on April 16. One key benefit is gaining additional insight (Saraiya, North, Lam, & Duca, 2006) , a very important goal for those trying to understand tragedies.
Visualization can be applied to texts (Wong, Whitney, & Thomas, 1999) , geospatial information (Jung, 1999) , retrieval results (Hearst, 1995; Nowell, 1997) , biological pathways (Saraiya, North, & Duca, 2005) , and cross-jurisdictional information (Kaza et al., 2005) . They can lead to threedimensional presentations (Amavizca, Sánchez, & Abascal, 1999) , handling of graphs (Tollis, 1996) , or work with Internet collections (Viegas, Wattenberg, Ham, Kriss, & McKeon, 2007) .
An important challenge in our work is the integration of information visualization with digital libraries (Nowell & Fox, 1995) , such as through special protocols and transformations (Shen, Wang, & Fox, 2002; Wang, 2002) . Even more broadly, information visualization in digital libraries can be integrated with related searching and browsing services, under the broader rubric of exploration (Shen, Vemuri, Fan, da Silva Torres, & Fox, 2006) .
Of particular value, as we engage in discussions with social and behavioral scientists, is to demonstrate the benefits of information visualization. Fortunately, Virginia Tech has a laboratory with a flexible gigapixel-scale display arrangement (Ball & North, 2007) , so different approaches can be applied simultaneously to related data and then compared and discussed in a collaborative setting. Later, we can select methods that are shown to be of interest and migrate them to smaller display configurations, making the services available remotely over the Web.
Data and text mining are key analysis techniques, which in turn can feed into information visualization, as above. Data mining can work with large data collections or databases (Fayyad, Piatetsky-Shapiro, & Smyth, 1996) . It can lead to discovery of patterns, and shifting from data analysis to development of scientific models (Ramakrishnan & Grama, 1999) . Data mining can be helpful when working with crimes (Chen et al., 2004 Social network analysis, that is, analyzing contact patterns among people, has proven to be a valuable research tool in various domains. This approach has been applied most notably to study the spread of epidemics (Eubank et al., 2004) and to devise viral marketing strategies (Domingos & Richardson, 2001) . Such analyses have revealed that the study of the underlying properties of a network can yield valuable clues regarding the dynamics of the processes in the network.
In the context of this project, we propose to study the technology network, during and shortly after the campus shootings. We will work to construct networks of interactions between people who communicated, especially using the means shown in Table 2 . Some of the most important questions to address include the following. 
Digital Libraries
A context and environment to support information visualization, data and text mining, and social network analysis must integrate these and other services with related content. Thus, our project builds atop work in the field of digital libraries. The traditional library (see Figure 2a ) assumes that authors publish works, which are collected by librarians, and then can be discovered and accessed by readers. This works both with bricks-and-mortar libraries and with digital libraries, but many new interaction patterns are only feasible using digital technologies. For example, as shown in Figure 2b , authors or creators can put their works onto Web sites. With the help of search engines, such as from Google, Microsoft, or Yahoo, those works are crawled and placed into large collections, to be indexed and made searchable for Web surfers.
More recently, another paradigm has arisen, whereby millions of creative people can publish on the Web, with simpler schemes such as blogs and wikis. Furthermore, these Web users can work in contexts of specialized types of content (e.g., photos in Flickr or videos in YouTube) or community collaboration (e.g., Yahoo groups, Facebook, MySpace). Figure 2c summarizes this Web 2.0 (O'Reilly, 2005) approach, discussed in the next subsection. Here, we focus on how to organize such diverse and distributed content, a key goal of libraries. Table 3 illustrates a conventional library organization, giving the key layers or perspectives. Users or patrons work through interfaces, either in the physical world, where one walks around bookshelves, or in the virtual world, where one has computer screens (or personal digital assistants or cell phones). These lead to services, such as searching and browsing, which make use of catalogs (of descriptive information, i.e., metadata; Weibel, 1995) or indexes, and eventually lead to desired content.
In our work with digital libraries, we have abstracted and generalized the handling of information, developing the 5S framework, a theory-based formal model and environment for describing, understanding, developing, and innovating (Fox, 1999; Goncalves, 2004; Goncalves & Fox, 2002; Goncalves, Fox, Watson, & Kipp, 2004; Gorton, 2007; Zhu, 2002) . Table 4 explains each of the five Ss, which can be formally defined, but at the same time gives an intuitive way to characterize the underlying aspects behind any advanced information system. Thus, digital libraries manage content (streams), supporting a variety of organizational aids (structures), across time and space, presented typically in a two-dimensional form (spaces) for various types of uses (scenarios, implemented as services) and for diverse societies (from the personal to the global).
If we focus on the content portion of a digital library, we refer broadly to digital objects that can be of any media type. Sometimes a group of related digital objects, such as the parts of a dissertation, can be viewed as a composite (Fox & France, 1987) or compound document (Lagoze & Van de Sompel, 2007) or package-a larger type of digital object.
Combining metadata and digital objects, along with broad ranges of services, and addressing the distributed nature of modern information systems, we can summarize the layers of a modern digital library as in Table 5 . This gives an architectural view of the type of digital library necessary for aiding work related to the April 16 tragedy, where various types of distinct repositories must work together in a federated fashion A Digital Library / Fox et al. 71 (Candela, Manghi, & Pagano, 2007) . In particular, we are building a system as shown in Figure 3 to provide a range of services (right side) over a range of data sources (left side), to suit the requirements of a broad user community (with needs specified through the aid of focus groups-see top center), and to be ultimately sustained by Virginia Tech University Libraries' archival efforts regarding April 16 (see bottom center). The arrows represent the functions and processing to support making all this work together. Of particular interest is the handling of Web 2.0 information, as is discussed in the next subsection. actively participate in discussions, form focus groups, upload and share content, and so on. Value addition is achieved, for example, by providing a platform for building applications and services on top of the already existing services that the Web sites provide. Google Maps (http://maps.google.com/), for example, provides application programming interfaces (APIs), which can be programmatically used to build services on top of the ones already offered by the Web site. This provides considerable value addition to an audience interested in building applications based on Google Maps. Such value addition, especially by means of providing APIs, has added a new dimension to digital library research. A new paradigm involving a serviceoriented architecture has been proposed (Petinot et al., 2004) , and successfully used, wherein different digital libraries (possibly heterogeneous, distributed, and geographically separated) can present a single uniform interface to the users and can call on the services of each other (see Figure 2c) . The interaction between the digital libraries is achieved by calling the Web services hosted at each others' sites. We direct our efforts toward analyzing resources related to April 16 from prominent Web 2.0 sites, such as YouTube, Facebook, MySpace, Flickr. These probably represent the most popular social networking and content sharing points on the Web today. Table 6 summarizes our user-centered rationale to make use of these sites. The resources hosted at these sites can be accessed either directly from the respective content providers (depending on the copyrights and license restrictions associated with the resource), in which case we will provide the URL to the resource, or locally at our end, in which case these resources will be cached at our site using the APIs provided by the content providers, or using copies provided by content creators. We will use the DSpace platform (MIT, 2003) as our digital library system, running on a powerful (due to generous discounts) Dell server. The resources (or surrogates thereof), as well as the metadata associated with them, will be stored in the digital library and be made available for analysis.
Supporting Systems-Level Science
A key goal in our integrating special services, digital libraries, and the Web 2.0 infrastructure is to support systems-level science on the social dynamics associated with crisis events. Inspired by current research trends in biology and the life sciences, systems-level science seeks to understand the functioning of very large and complex systems and all the interactions therein in a holistic fashion. This is in contrast to more traditional reductionist science, which narrows the problem down to focus on specific individual variables. Systems-level science is more exploratory in nature, looking for broader trends and patterns of higher complexity; it encourages the development of new hypotheses. In the life sciences, the system of systems-level science refers to the functioning of complex biological organisms. In Virginia Tech's case, the system under study is the complex communities of people and how they respond to crises.
Systems-level science is more challenging but can offer deeper insights into underlying phenomenon. Systems-level science requires the following.
Rapid and continuous collection of massive data:
The recent growth of systems-level science in biology was supported by the invention of microarray and similar instrumentation that enables simultaneous collection of data about thousands of genes and proteins at the cellular level, thereby offering a complete picture that is both detailed and broad.
Similarly, our digital library will be organized to ingest large collections, such as student-submitted collections of e-mail-related data, which are collected and curated over time. 2. Integration of diverse, heterogeneous data:
Our digital library must be able to bridge diverse data sources, including vast Internet and Web collections, as well as rich personal sources, such as Facebook pages, surveys, and interviews. We also will investigate new kinds of data that could be captured, such as by volunteers using our two SenseCam devices (Hodges, Williams, & Wood, 2007) . 3. Real-time exploratory analysis: To gain deep insight, our digital library must link with analysis tools to support rich exploratory analysis of complex patterns and interrelationships for theory development. Real-time analysis must maintain synchronization with incoming information to promote awareness of breaking hypotheses and quick response. Access, analysis, dissemination, and utilization will be supported by visualizations and data mining tools.
Community, Technology, and Content
Our community of users includes those interested in the April 16 tragedy, for example, those who through Web 2.0 or other services have contributed to the body of content related to the event and its aftermath. Many of those contributing content made use of technology support mechanisms summarized in Table 2 .
Model
From Table 2 , we see that a variety of types of devices are employed for communication and for information access. These allow a number of mechanisms for communication, with diverse goals, serving individuals and/or broader groups. Often, selections among these are based on quality metrics, relating to utility, ease of use, and contextual factors. Because communication technologies are embedded in modern life, we seek to explore how using communications technologies can be used after tragic events to help in reducing stress. In a crisis, technology support may have an impact on stress and adaptation to trauma. Table 7 gives a set of propositions we seek to explore in this regard. Figure 4 provides a model of the causality we assume, which needs to be tested, including use of technology. (Recall the earlier section on Research Agenda for the Social and Behavioral Sciences Related to Technology.) 
Content Collection
Back in 1996, Virginia Tech led the world by encouraging (graduate) students to upload content, in particular electronic theses and dissertations ; as of January 1, 1997, this was a requirement for all master's theses and doctoral dissertations. In 2003, the Networked Digital Library of Theses and Dissertations formalized the role it had been playing since 1996, incorporating as an international nonprofit (Fox, 2003) to further spread the idea around the globe; by November 2007, there were more than 387,000 electronic theses and dissertations available in many languages. Oddly, in spite of the familiarity of uploading to many young people today, many graduate students, faculty, and universities, in parts of the United States as well as in nations with smaller economies, still have not understood how easy and beneficial such uploading is, and thus lose out with regard to the wider recognition of their research contributions that comes through services that build atop the NDLTD Union Catalog (OCLC, 2004) .
Uploading content related to April 16 is thus a natural approach for Virginia Tech, as shown in Table  8 . The campus developed a Web site, with various pages, around the theme of remembering. University Libraries has committed to a permanent archive and has been addressing the thousands of physical artifacts contributed. The Center for Digital Discourse and Culture has launched the April 16 Archive to collect content by crawling the Web (in collaboration with the Internet Archive; a copy of those pages makes up one part of our digital library) and by supporting the uploading of information (CDDC, 2007) . Our effort is supplementing those activities, handling other types of content as well, such as videos, audio recordings, and e-mail information.
Content in Web 2.0
Though to many the actions described in the previous section are novel and advanced, requiring a reach in technology application, to others the people involved are but digital immigrants, not digital natives who are comfortable and who grew up with the Web (Prensky, 2001) . Those who are comfortable with current Web services can of course upload content but often prefer communicating directly by working inside applications that support virtual communities, such as Facebook. In Table 8 , the counts are low for all rows except for the guest book, which can be viewed as a Web 2.0 application. Thus, as in Table 6 , because the effort is less, posting to a Web 2.0 service is much easier, hence to be preferred, relative to uploading (which is called for in applications and sites described in the previous subsection).
Such users vote with their mouse, as can be seen in Table 9 . The Web 2.0 applications listed are popular among those interested in the April 16 tragedy, leading to large numbers of entries. By far the largest number is the count of users who have joined related groups, as is detailed in Table 10 . This table lists only large groups, that is, with more than 500 in the group, and only with first letter in range A-I. Nevertheless, the table entries account for roughly the estimated count of 400,000 shown in the first row of Table 9 .
Clearly, to understand the events of April 16 in the larger perspective, it is important to capture Pre-event stress is positively associated with event-related stress P3
Coping is inversely associated with event-related stress P4a
Social support is inversely associated with pre-event stress P4b
Social support is inversely associated with event-related stress P5a
Community support is inversely associated with pre-event stress P5b
Community support is inversely associated with event-related stress P6
Using technology associated with event-related stress information about those who expressed their concern and interest electronically. Fortunately, many of the Web 2.0 services have APIs to help automate interaction, as is shown in Table 11 . Our group will be working with these APIs as we develop our digital library. This will facilitate identification and in some cases collection of information, when access permissions allow. injured on April 16, is that frequent patterns of behavior emerged that day, such as that illustrated in Figure  5 . Those who were in Blacksburg on April 16 were contacted by family and friends concerned about our safety, using a wide variety of communication schemes. Depending on the responses received, those making inquiries engaged in appropriate follow-on behaviors. We seek to validate this pattern, understand what types of communication schemes were used, and connect actions with stress and trauma and other reactions. It will be hard to collect the data needed, but we are involved in survey efforts to help, and another research project is seeking voluntary submission of phone logs (using both mobile and land lines) to help with related analyses.
Tags
Fortunately, some other types of analyses are easier to undertake, with less labor-intensive data collection requirements. One line of research has to do with categories employed in connection with Web sites for collecting content, in particular the April 16 Archive (CDDC, 2007) . That site allows people to tag files being uploaded. We considered about 800 items uploaded, extracted all the tags (i.e., words or short phrases) used with those, and summarized some key results in Table 12 . This shows pairs of tags that cooccurred often in the collection of items. Thus, in 55 of the items in the collection, blog and commentary both appeared, showing the popularity of blogs for the purpose of making comments. As a second example, we note that the co-occurrence of Professor Librescu's name and the name of a leading Romanian magazine can help guide us to the news coverage in the country of origin of one of the heroes killed on April 16.
We can learn more about the cloud of tags connected with the collection by examining Figure 6 , an information visualization that complements the Table 12 . Here, we miss out on co-occurrence information but see the relative frequency of individual tags, the most popular of which is memorial. We see also that people were involved not only in events such as campus vigil but also in electronic communication using blogs and other mechanisms to prepare commentaries (a trend mentioned above that also was spotted using a different analysis).
Clusters of Text Words
To illustrate how texts in a digital library can be analyzed and presented using information visualization methods, we made use of the IN-SPIRE software suite (McQuerry, 2004; Wise et al., 1995) . We used all the text from 800 of the contributions to the April 16 Archive (CDDC, 2007) . The contributions are clustered according to a textual analysis of words and phrases in the text, and the clusters are labeled with frequently used words within the cluster. Figure 7 provides a Themescapes view, where clusters of contributions are shown as mountains that form a landscape of themes. Figure 8 provides a Galaxy view, where each dot represents one contribution. Other than the differences in visual representation, these two views present essentially the same analysis and clustering layout. In particular, the placement of contributions and their groupings reflect a multidimensional scaling analysis, whereby closely related works are placed nearby and sections of the visualization reflect aspects or issues popular in the collection. Thus, for example, on the right side is a large cluster about the student community, with some subclusters for the vigil and memorials. In the topright is a cluster about societal issues. The middle areas are mainly about various events and memorials, such as the convocation, Drillfield, and so on. The left side seems to deal with external issues and foreign languages. Interest in Professor Librescu led to a sizeable cluster on the far left. Issues related to Korea are concentrated toward the top, especially on the left.
Plans and Prospects
A digital library project such as that described herein, besides enabling the objectives discussed, undoubtedly also will result in an increase in the amount of information available to terrorists, as well as to nondestructive elements of society. Our group is conscious of the underlying trade-offs between free access to information and increased vulnerabilities. We reserve the right to restrict access to information, such as images of a graphic nature, and content for which preservation and scholarly study is approved, but where global access is not authorized by the contributors. We will adopt best practices of balancing security and cyber-rights in networked digital libraries, as recognized, for example, by Conway (2005) .
This project had an August 15, 2007, starting date for our NSF-funded initiative, IIS-0736055, entitled "SGER: DL-VT416: A Digital Library Testbed for Research Related to 4/16/2007 at Virginia Tech." Although we worked between May and August to launch this effort, only in November could we begin to install equipment able to record and provide access to the terabytes of videos, audio files, high-quality photos, and other content collected through the many schemes outlined above. By early 2008, we had running in the Virginia Tech Computing Center a powerful server able to store 7 terabytes of information.
We plan to explore, demonstrate, and help others in their use of a growing suite of services attached to the digital library. Of particular benefit as we work with the local community to demonstrate the potential benefits is the very large display laboratory at Virginia Tech, including the gigapixel display (Ball & North, 2007) . In the area of information visualization, we will make use of further tools in the IN-SPIRE suite, such as ThemeRiver (Havre, Hetzler, Whitney, & Nowell, 2002) , to show themes and changes over time. In addition, we will also use other tools, such as Spotfire (Ahlberg & Shneiderman, 1994) . In connection with the work on social network analysis, we will use information visualization tools scaled to work with Internet collections (Viegas et al., 2007) .
Ultimately, we hope that the systems approach that has been so successful in science and engineering, and which has evolved to provide effective support in biology as part of the systems science trend (Saraiya et al., 2005) , can lead to "systems behavioral and social science." We hope that powerful digital libraries can help during the ongoing recovery from April 16 and that when other tragedies occur in the future tailored digital libraries will be easier to devise and even easier to deploy, for even greater benefit.
